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PRUHUHFHQWVWXGLHVKDYHH[DPLQHGWKHFRUUHODWLRQRIGLDJHQHWLFYDULDWLRQVRIWKH
:LOOLDPV)RUN)RUPDWLRQZLWKFRUHSHWURSK\VLFVDQGZHOOORJUHVSRQVHV2]NDQHWDO
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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DSRUHILOODQGDFRDWLQJDURXQGTXDUW]JUDLQVLQ0HVDYHUGHVDQGVWRQHV3LWPDQHWDO
7KHUHODWLYHO\VPDOODPRXQWVRIFKORULWHDUHGLIILFXOWWRLGHQWLI\LQWKLQVHFWLRQVEXW
;UD\GLIIUDFWLRQDQDO\VLVVXJJHVWVWKDWPRVWFKORULWHLVLURQEHDULQJ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Figure 1. Location map of the Piceance Basin. Current Mesaverde gas fields are shown 
in red and outcrops of the Mesaverde Group that occur on the margins of the basin are 
shown in green. The location of the Cascade Creek 697-20-28 well (blue circle) and 
study area (blue box) within Grand Valley Field are shown. The Cascade Creek 697-20-
28 well was used to build and calibrate the petrophysical model.From Pranter et al. 
(2009). Modified from Johnson (1989), Tyler and McMurry (1995), and Hoak and 
Klawitter (1997). 
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/DUVHQ,URQEHDULQJFKORULWHLVRISDUWLFXODULQWHUHVWDVLWFDQORZHUHOHFWULFORJ
UHVLVWLYLW\FRQVLGHUDEO\GXHWRWKHKLJKFRQGXFWLYLW\RIWKHLURQ%RZHQ
7KLVVWXG\IRFXVHVRQWKHVSDWLDOGLVWULEXWLRQRIOLWKRORJ\FKORULWHDQGSRWDVVLXP
IHOGVSDUZLWKLQWKHPLGGOHDQGXSSHU:LOOLDPV)RUN)RUPDWLRQVIRUDSRUWLRQRI*UDQG
9DOOH\)LHOG3RWDVVLXPIHOGVSDUDQGFKORULWHRFFXUUHQFHVZHUHFDOFXODWHGIURPORJ
DQDO\VLVDQGWKHLUGLVWULEXWLRQVZHUHFRPSDUHGWROLWKRORJ\DQGDUFKLWHFWXUDOHOHPHQW
W\SH%HFDXVHZDWHUVDWXUDWLRQFDOFXODWLRQVUHO\RQDFFXUDWHUHVLVWLYLW\UHDGLQJVWKH
VXSSUHVVLRQRIUHVLVWLYLW\YDOXHVE\LURQEHDULQJFKORULWHFDQUHVXOWLQDQRYHUHVWLPDWLRQ
RIZDWHUVDWXUDWLRQIRUVDQGVWRQHVZLWKLURQEHDULQJFKORULWH'XUDQGHWDO6RPH
RIWKHKLJKHVWUHVHUYRLUTXDOLW\LQWKH:LOOLDPV)RUN)RUPDWLRQLVREVHUYHGLQWKH
VDQGVWRQHVZLWKJUDLQFRDWLQJFKORULWH2]NDQHWDOIXUWKHULQJWKHQHHGWR
DFFXUDWHO\PRGHOWKHVDWXUDWLRQVRIWKHVHLQWHUYDOV7KHLQWHUHVWLQSRWDVVLXPIHOGVSDULV
GXHWRWKHLQFUHDVHGJDPPDUD\UHVSRQVHFDXVHGE\WKHSUHVHQFHRIWKHUDGLRDFWLYH
SRWDVVLXP2]NDQHWDOZKLFKFDQGHFUHDVHWKHFDOFXODWHGSURSRUWLRQVRI
VDQGVWRQHQHWWRJURVVUDWLREDVHGRQWKHJDPPDUD\ORJV
7KLVVWXG\GHYHORSVDEHWWHUXQGHUVWDQGLQJRIWKHVSDWLDOYDULDELOLW\RIVDQGVWRQH
GHSRVLWVRIWKHPLGGOHDQGXSSHU:LOOLDPV)RUN)RUPDWLRQVZLWKUHVSHFWWROLWKRIDFLHV
IOXYLDODUFKLWHFWXUDOHOHPHQWVDQGVSHFLILFPLQHUDORJLFFRQVWLWXHQWV7KUHHNH\UHVHDUFK
TXHVWLRQVWKDWDUHDGGUHVVHGLQFOXGH:KDWDUHWKHNH\OLWKRIDFLHVOLWKRIDFLHV
DVVRFLDWLRQVDQGDUFKLWHFWXUDOHOHPHQWVDQGKRZDUHWKH\H[SUHVVHGLQORJVLJQDWXUHV"
:KDWLVWKHRFFXUUHQFHRIFKORULWHDQGSRWDVVLXPIHOGVSDUDQGKRZGRHVLWYDU\
VSDWLDOO\",VWKHUHDUHODWLRQVKLSEHWZHHQLQWHUSUHWHGUHVHUYRLUDUFKLWHFWXUDOHOHPHQW
W\SHVDQGWKHGLVWULEXWLRQRIWKHVHDFFHVVRU\PLQHUDOV"

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7KH3LFHDQFH%DVLQLVDQDV\PPHWULFDOQRUWKZHVWVRXWKHDVWHORQJDWHGEDVLQ
ERXQGHGE\QXPHURXVXSOLIWVZKLFKGHYHORSHGGXULQJWKH/DUDPLGH2URJHQ\IURP/DWH
&UHWDFHRXVWKURXJKWKH(RFHQHa0DWKH$[LDO$UFKRQWKHQRUWKWKH:KLWH
5LYHU8SOLIWRQWKHHDVWWKH6DZDWFK8SOLIWDQG(ON0RXQWDLQVRQWKHVRXWKHDVWWKH
*XQQLVRQ8SOLIWRQWKHVRXWKWKH8QFRPSDKJUH8SOLIWRQWKHVRXWKZHVWWKH'RXJODV
$UFKRQWKHZHVWDQGWKH8LQWD0RXQWDLQ8SOLIWRQWKHQRUWKZHVW7ZHWR
-RKQVRQ%DVHPHQWFRUHGKLJKDQJOHUHYHUVHIDXOWXSOLIWVGXULQJWKH/DUDPLGH
RURJHQ\SDUWLWLRQHGWKHODUJHU5RFN\0RXQWDLQ)RUHODQG%DVLQV\VWHPLQWRWKHPXOWLSOH
EDVLQVSUHVHQWWRGD\-RKQVRQDQG)ORUHV'H&HOOHV6HGLPHQWVVKHG
IURPWKH(DUO\&UHWDFHRXVWHFWRQLFXSOLIWRIWKH6HYLHUKLJKODQGVLQWKHZHVWZHUH
WUDQVSRUWHGWRZDUGVWKH:HVWHUQ,QWHULRU6HDZD\E\IOXYLDOV\VWHPVZLWKLQDOOXYLDODQG
FRDVWDOSODLQVHWWLQJV+HWWLQJHUDQG.LUVFKEDXP
7KH0HVDYHUGH*URXSZDVGHSRVLWHGGXULQJ&DPSDQLDQWLPHDORQJWKHZHVWHUQ
PDUJLQRIWKHVHDZD\-RKQVRQDQGFRQWDLQVWKH,OHV)RUPDWLRQ:LOOLDPV)RUN
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)LJXUH8QGHUO\LQJDQGLQWHUWRXQJLQJZLWKWKH
0HVDYHUGH*URXSLVWKH0DQFRV6KDOHDPDULQHVKDOHGHSRVLWHGGXULQJPDMRU
LQFXUVLRQVRIWKH:HVWHUQ,QWHULRU6HDZD\
7KH:LOOLDPV)RUN)RUPDWLRQLVFRPSRVHGSULPDULO\RIVWUDWDGHSRVLWHGE\IOXYLDO
V\VWHPVLQWKHZHVWHUQSRUWLRQRIWKH3LFHDQFH%DVLQZLWKGHFUHDVLQJPDULQHLQIOXHQFH
RYHUWLPHDQGWRZDUGVWKHZHVW7KH:LOOLDPV)RUN)RUPDWLRQLVDSSUR[LPDWHO\IW
PWKLFNQHDUWKH*UDQG+RJEDFNRQWKHHDVWHUQPDUJLQRIWKHEDVLQDQGWKLQVWR

  
 
 
 
 
 
 
 
 
Figure 2. Type-log for Grand Valley Field 
GM 522-3 Well (API 05045102210000) 
The type log (on the following page) is shown to associate the various intervals used 
throughout the study. The gamma-ray (GR) log is colored based on lithology,
progressing from yellow for sandstone to grey for shale. 
GR units are gAPI; Density-Porosity (DPHI) and Neutron-Porosity (NPHI) units are
decimal percent. The petrophysical model tops, ROL+X’, are surfaces X ft above
 the Rollins Sandstone Member (ROL).
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DSSUR[LPDWHO\IWPWKLFNDWWKH&RORUDGR8WDKVWDWHOLQH+HWWLQJHUDQG
.LUVFKEDXP7KH:LOOLDPV)RUN)RUPDWLRQLVGLYLGHGLQWRWKHORZHU
VDQGVWRQHSRRUPLGGOHDQGXSSHUVDQGVWRQHULFK:LOOLDPV)RUN)RUPDWLRQV&ROH
DQG&XPHOOD7KHXSSHUPRVWSRUWLRQRIWKH:LOOLDPV)RUN)RUPDWLRQLQFOXGHVWKH
2KLR&UHHN0HPEHURU&RQJORPHUDWHLGHQWLILHGDVDZKLWHNDROLQLWLF]RQHZKLFKPD\
RUPD\QRWFRQWDLQFRQJORPHUDWLFOHQVHV-RKQVRQDQG0D\.DROLQLWHLVIRUPHG
E\ZHDWKHULQJRUK\GURWKHUPDODOWHUDWLRQRIDOXPLQRVLOLFDWHPLQHUDOVDQGURFNVULFKLQ
IHOGVSDUFRPPRQO\ZHDWKHUWRNDROLQLWH7KH2KLR&UHHN0HPEHULVVHSDUDWHGIURPWKH
UHVWRIWKH:LOOLDPV)RUN)RUPDWLRQE\DQH[WHQVLYHXQFRQIRUPLW\DQGKDVEHHQ
LQWHUSUHWHGDVORZVWDQGGHSRVLWVIRUPHGE\EUDLGHGIOXYLDOULYHUV3DWWHUVRQHWDO

7KHORZHU:LOOLDPV)RUN)RUPDWLRQZDVGHSRVLWHGZLWKLQDQDVWRPRVLQJWR
PHDQGHULQJULYHUV\VWHPVZLWKLQDFRDVWDOSODLQVHWWLQJ/RUHQ]-RKQVRQ
+HPERUJ3DWWHUVRQHWDO&ROHDQG&XPHOOD,QWKHVRXWKHDVWHUQ
3LFHDQFH%DVLQQHDU0DPP&UHHN)LHOGWKHORZHU:LOOLDPV)RUN)RUPDWLRQFRQVLVWVRI
RIIVKRUHGLVWDOWRSUR[LPDOORZHUVKRUHIDFHDQGXSSHUVKRUHIDFHVWUDWDGHSRVLWHGGXULQJ
PXOWLSOHWUDQVJUHVVLYHUHJUHVVLYHF\FOHV6KDDN7KHPLGGOHDQGXSSHU:LOOLDPV
)RUN)RUPDWLRQVDUHLQWHUSUHWHGDVKDYLQJEHHQGHSRVLWHGE\DORZWRPRGHUDWH
VLQXRVLW\EUDLGHGULYHUV\VWHPZLWKLQDQDOOXYLDOSODLQVHWWLQJ3DWWHUVRQHWDO
&ROHDQG&XPHOOD*HUPDQ7KLVLQWHUSUHWDWLRQKDVSULPDULO\EHHQEDVHG
RQWKHORZWRPRGHUDWHUDQJHRISDOHRFXUUHQWVWKHSDXFLW\RIVDQGVWRQHVZLWKGLVWLQFW
ODWHUDODFFUHWLRQVXUIDFHVDQGWKHUHODWLYHO\KLJKHUQHWWRJURVVUDWLRIRUWKHPLGGOHDQG
XSSHU:LOOLDPV)RUN)RUPDWLRQVDVZHOODVWKHREVHUYDWLRQVWKDWWKHVDQGVWRQHVDUH

KLJKO\DPDOJDPDWHGDQGVKHHWOLNHZLWKKLJKZLGWKWRWKLFNQHVVUDWLRV±
DYHUDJH*HUPDQ.HHWRQUHFRJQL]HGGHSRVLWVLQRXWFURS3ODWHDX
&UHHN&DQ\RQWKDWVXSSRUWGLYLGLQJWKHXSSHU:LOOLDPV)RUNIRUPDWLRQLQWRDORZHU
PHDQGHULQJIOXYLDOV\VWHP)ODFRLQWHUYDODQGDQRYHUO\LQJEUDLGHGIOXYLDOV\VWHP*HV
LQWHUYDO
7KH3LFHDQFH%DVLQLVDEDVLQFHQWHUHGJDVV\VWHPDVGHILQHGE\/DZD
UHJLRQDOO\SHUYDVLYHJDVDFFXPXODWLRQWKDWLVJDVVDWXUDWHGDEQRUPDOO\SUHVVXUHG
ODFNVDGRZQGLSZDWHUFRQWDFWDQGKDVORZSHUPHDELOLW\UHVHUYRLUV7KHKLJKSUHVVXUHV
FUHDWHGGXULQJK\GURFDUERQJHQHUDWLRQIRUFHGZDWHURXWRIWKHSRUHVRIWKHVDQGVWRQHV
UHVXOWLQJLQDQLQYHUVLRQRIIOXLGFRQWDFWVFRPSDUHGWRWKRVHHQFRXQWHUHGLQ
FRQYHQWLRQDOUHVHUYRLUVJDVVDWXUDWHGVDQGVWRQHVDUHORFDWHGGRZQGLSRIJDVZDWHU
WUDQVLWLRQ]RQHVDQGZDWHUVDWXUDWHGVDQGVWRQHV<XUHZLF]7KHLQYHUVLRQRI
IOXLGFRQWDFWVLVDQLPSRUWDQWFRQVLGHUDWLRQLQVDWXUDWLRQDQGSHWURSK\VLFDOPRGHOLQJ
'$7$6(7$1'0(7+2'2/2*<
*UDQG9DOOH\)LHOGLVORFDWHGLQWKHFHQWUDODUHDRIWKH3LFHDQFH%DVLQLQZHVWHUQ
&RORUDGRQRUWKRIWKHWRZQRI3DUDFKXWH7KHDUHDRILQWHUHVWIRUWKLVVWXG\FRQVLVWHGRI
DSSUR[LPDWHO\PLNPZLWKLQ*UDQG9DOOH\)LHOG)LJXUH7KLVORFDWLRQZDV
VHOHFWHGGXHWRWKHDYDLODELOLW\RIFRUHDQGVXEVXUIDFHGDWDZKLFKZDVXWLOL]HGIRU
VWUDWLJUDSKLFDQGPLQHUDORJLFDODQDO\VLV$ZHOOGDWDEDVHRIORJVZDVDQDO\]HGWR
GHWHUPLQHWKHGLVWULEXWLRQRIOLWKRORJ\DQGDUFKLWHFWXUDOHOHPHQWV$GGLWLRQDOZHOOORJV
IURPDZHOOVXEVHWZHUHXVHGLQFRQMXQFWLRQZLWK[UD\GLIIUDFWLRQGDWDDQGFRUHWR
DQDO\]HWKHRFFXUUHQFHDQGGLVWULEXWLRQVRISRWDVVLXPIHOGVSDUDQGFKORULWH
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 7RXQGHUVWDQGWKHVHGLPHQWDU\GHSRVLWVRIWKHPLGGOHDQGXSSHU:LOOLDPV)RUN
)RUPDWLRQVDW*UDQG9DOOH\)LHOGIWPRIFRUHIURPWKH&DVFDGH&UHHN
ZHOOZHUHGHVFULEHGWRGHWHUPLQHOLWKRORJ\OLWKRIDFLHVDQGOLWKRIDFLHVDVVRFLDWLRQV
DUFKLWHFWXUDOHOHPHQWV&RUHREVHUYDWLRQVZHUHFRPSDUHGWRWKHLUFRUUHVSRQGLQJVKDOH
YROXPHYVKDOHORJVWRGHWHUPLQHFKDUDFWHULVWLFORJVLJQDWXUHVIRUOLWKRORJ\DQG
DUFKLWHFWXUDOHOHPHQWV7KHYVKDOHORJPHDVXUHVWKHSURSRUWLRQRIVKDOHGHULYHGIURP
DOLQHDUUHODWLRQVKLSWRWKHQRUPDOL]HGJDPPDUD\ORJ
 ,QRUGHUWRLQYHVWLJDWHWKHVWUDWLJUDSKLFGLVWULEXWLRQRIPLQHUDOVVSHFLILFDOO\
FKORULWHDQGSRWDVVLXPIHOGVSDUSHWURSK\VLFDOOLWKRORJ\DQGVDWXUDWLRQPRGHOVZHUH
GHYHORSHGDQGDQDO\]HG7KHZHOOORJFDOFXODWLRQVDQGVXEVHTXHQWSHWURSK\VLFDO
PLQHUDORJLFDOPRGHOLQJZHUHDFFRPSOLVKHGXVLQJVWDQGDUGLQGXVWU\SURFHVVHVDQG
VRIWZDUH
7KHSHWURSK\VLFDOPRGHOZDVGHYHORSHGIRUWKH&DVFDGH&UHHNZHOO
ZKLFKZDVWKHFORVHVWFRUHGZHOOPLNPDZD\WRWKH*UDQG9DOOH\ILHOGVWXG\
DUHD7KHPHDVXUHGZHLJKWSHUFHQWRIFKORULWHDQGSRWDVVLXPIHOGVSDUIURPWKHFRUH
ZHUHFRPSDUHGWRWKHPRGHOHGPLQHUDOSHUFHQWDJHVDQGWKHPRGHO¶VLQSXWSDUDPHWHUV
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Figure 4. Fining-upward succession of deposits from the upper Williams Fork interval of the 
Cascade Creek 697-20-28 well, including core description, lithology, and interpretation of 
lithofacies and architectural elements.
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Figure 5. Coarsening-upward succession of deposits from the middle Williams Fork interval 
of the Cascade Creek 697-20-28 well, including core description, lithology, and interpreta-
tion of lithofacies and architectural elements.
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Figure 6. Proportions of (A) lithofacies and (B) architectural elements observed in the 
Cascade Creek 697-20-28 core (354 ft (107.9 m)), compared to the (C) architectural 
elements interpreted in well logs (463,348 ft (141,228 m)).
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&UHYDVVHVSOD\VZHUHLQWHUSUHWHGDVKDYLQJDYVKDOHYDOXHRIZLWK
FRDUVHQLQJXSRU³IXQQHOVKDSHG´5LGHUYFOD\ORJUHVSRQVHV7KLFNQHVVUDQJHV
ZHUHEHWZHHQDQGIWDQGPDQGFRPPRQO\ZHUHIWPRUOHVVLQ
WKLFNQHVV)LJXUH%
7KHFDOFXODWHGOLWKRORJ\ORJVDQGLQWHUSUHWHGDUFKLWHFWXUDOHOHPHQWORJVZHUH
XVHGWRHYDOXDWHWKHVWUDWLJUDSKLFYDULDELOLW\RIOLWKRORJ\DQGDUFKLWHFWXUDOHOHPHQWV
WKURXJKYHUWLFDOSURSRUWLRQFXUYHV93&¶V7KH93&¶VVKRZWKHSURSRUWLRQRIOLWKRORJ\
RUDUFKLWHFWXUDOHOHPHQWVYHUVXVGHSWK9HUWLFDOSURSRUWLRQFXUYHVZHUHFUHDWHGIRUERWK
WKHOLWKRORJ\DQGDUFKLWHFWXUDOHOHPHQWORJVIURPWKHEDVHRIWKHPLGGOH:LOOLDPV)RUN
)RUPDWLRQWRWKHWRSRIWKH0HVDYHUGH*URXSDSSUR[LPDWHO\WRIWWR
P)LJXUH7KHOLWKRORJ\93&ZDVDQDO\]HGWRGHWHUPLQHLQWHUYDOVRIKLJKHUDQG
ORZHUQHWWRJURVVUDWLRUHVXOWLQJLQHLJKWLQWHUYDOVRIKLJKQHWWRJURVVUDWLRVDQGVHYHQ
LQWHUYDOVRIORZQHWWRJURVVUDWLRVUHODWLYHWRWKHDYHUDJHQHWWRJURVVaRIWKH
WRWDOLQWHUYDO2YHUDOOWKH93&¶VIRUERWKWKHOLWKRORJ\DQGDUFKLWHFWXUDOHOHPHQWVGLVSOD\
VLPLODUVWUDWLJUDSKLFYDULDELOLW\QHWWRJURVVUDWLRIRUWKHSURSRUWLRQRIPXGURFNYHUVXV
VDQGVWRQH7KHQHWWRJURVVUDWLRRYHUWKHHQWLUHLQWHUYDOYDULHVIURPWRZLWKWKH
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PLGGOH:LOOLDPV)RUN)RUPDWLRQH[KLELWLQJDKLJKHUQDUURZHUUDQJHRI
VWUDWLJUDSKLFYDULDELOLW\WKDQWKDWRIWKHXSSHU:LOOLDPV)RUN)RUPDWLRQ
7KH93&IRUDUFKLWHFWXUDOHOHPHQWVVKRZVWKDWPRVWRIWKHVDQGVWRQHLQWKH
PLGGOHDQGXSSHU:LOOLDPV)RUN)RUPDWLRQVLVFRPSULVHGRIFKDQQHOILOOGHSRVLWV2QO\D
PLQRUSHUFHQWDJHRIWKHQHWWRJURVVUDWLRLVLQWHUSUHWHGWREHDVVRFLDWHGZLWKFUHYDVVH
VSOD\V7KHRFFXUUHQFHRIFUHYDVVHVSOD\VKDVDQDUURZORZUDQJHZKHQ
FRPSDUHGWRFKDQQHOILOOGHSRVLWV7KHPLGGOH:LOOLDPV)RUN)RUPDWLRQ
DYHUDJHVFKDQQHOILOODQGFUHYDVVHVSOD\VZKLOHWKHXSSHU:LOOLDPV)RUN
)RUPDWLRQDYHUDJHVFKDQQHOILOODQGFUHYDVVHVSOD\VUHVXOWLQJLQDQLQFUHDVH
LQWKHUDWLRRIFKDQQHOILOOVWRFUHYDVVHVSOD\V&)&6IURPLQWKHPLGGOH:LOOLDPV
)RUN)RUPDWLRQWRLQWKHXSSHU:LOOLDPV)RUN)RUPDWLRQ
48$17,7$7,9(0,1(5$/$1$/<6,6
Stratigraphic Variability
3HWURSK\VLFDOOLWKRORJ\DQGVDWXUDWLRQPRGHOVZHUHGHYHORSHGLQRUGHUWRDQDO\]H
WKHVWUDWLJUDSKLFGLVWULEXWLRQRIPLQHUDOVVSHFLILFDOO\FKORULWHDQGSRWDVVLXPIHOGVSDU
7ZRVHWVRIGDWDZHUHUHTXLUHGWRGHYHORSWKHPRGHODWULSOHFRPERZHOOORJVXLWH
FRQVLVWLQJRIJDPPDUD\*5UHVLVWLYLW\5,/'QHXWURQSRURVLW\3+,1EXONGHQVLW\
5+2%DQGSKRWRHOHFWULFIDFWRU3(ORJVLQGLJLWDOIRUPDWDQG[UD\GLIIUDFWLRQGDWD
RIPLQHUDORJLFDOYROXPHVIURPFRUHLQYROXPH7KHSHWURSK\VLFDOPRGHOFDQEH
FRQFHSWXDOO\H[SODLQHGWKURXJKDGLDJUDP)LJXUHUHSUHVHQWLQJWKHWRWDOEXONYROXPH
RIDURFNGLYLGHGLQWRDKLHUDUFK\RIWKHYDULRXVFRQVWLWXHQWVZLWKWKHJRDOWRDFFXUDWHO\
PRGHOVSHFLILFPLQHUDOYROXPHVDQGIOXLGVDWXUDWLRQVIURPORJUHVSRQVHV

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7KHSHWURSK\VLFDOPHWKRGVXVHGLQWKLVVWXG\DUHZHOOGRFXPHQWHG&UDLQ
WKRXJKHODERUDWLRQLVQHFHVVDU\RQNH\SRLQWVZKHUHOHVVFRPPRQPHWKRGVZHUHXVHG
7KHJDPPDUD\*5DQGQHXWURQSRURVLW\3+,1ORJVZHUHQRUPDOL]HGDJDLQVW
VWDQGDUGZHOOVWRFRPSHQVDWHIRUORJYDULDWLRQVGXHWRGLIIHUHQFHVFDXVHGE\YDULDWLRQV
LQYHQGRUWRROFDOLEUDWLRQDQGGDWDSURFHVVLQJ1RRWKHUFXUYHGDWDZDVQRUPDOL]HGDV
WKHSURFHVVRIORJQRUPDOL]DWLRQFKDQJHVWKHDFWXDOGDWDYDOXHVIRUDJLYHQORJDQGDV
VXFKZDVXVHGVSDULQJO\DQGRQO\RQZHOOORJVZKLFKH[KLELWHGODUJHGDWDUDQJHV
UHODWLYHWRWKHVWDQGDUGZHOO7KHVWDQGDUGZHOOXVHGIRUQRUPDOL]DWLRQRIWKHJDPPDUD\
ORJVZDVVHOHFWHGEDVHGRQHYDOXDWLRQRIKLVWRJUDPGLVWULEXWLRQVRIJ$3,XQLWVIRUDOO
ZHOOVLQWKHVWXG\DUHD7KHVWDQGDUGZHOO:LOOLDPV*0$3,
LVORFDWHGLQWKHVRXWKHDVWTXDUWHURIVHFWLRQLQWKHVWXG\DUHD)LJXUH7KH
JDPPDUD\ZHOOORJKLVWRJUDPVKRZHGWZRGLVWLQFWSHDNVLQWKHIUHTXHQF\GLVWULEXWLRQRI
WKHGDWDRQHDWDSSUR[LPDWHO\J$3,DQGWKHRWKHUDWDSSUR[LPDWHO\J$3,7KH
SHDNDURXQGJ$3,UHSUHVHQWVWKHORJUHVSRQVHVFDXVHGE\VDQGVWRQHVZKLOHWKH
SHDNDWJ$3,UHSUHVHQWVWKHORJUHVSRQVHVFDXVHGE\VKDOH7KLVELPRGDO
GLVWULEXWLRQRIJ$3,YDOXHVDUHFRPPRQLQZHOOVGULOOHGLQORFDWLRQVGRPLQDWHGE\TXDUW]
VDQGVWRQHVDQGVKDOHVDVLQWKH3LFHDQFHEDVLQ0DUF&RQQROO\SHUVRQDO
FRPPXQLFDWLRQ
7KHVWDQGDUGZHOOIRUQHXWURQSRURVLW\ORJQRUPDOL]DWLRQZDVVHOHFWHGLQDVLPLODU
PDQQHU$KLVWRJUDPGLVWULEXWLRQRISRURVLW\YDOXHVLQSHUFHQWIRUHDFKZHOOZDV
HYDOXDWHGDQGWKHVWDQGDUGZHOOZDVVHOHFWHGIURPWKHGDWDVHW7KHQHXWURQSRURVLW\
KLVWRJUDPVGLVSOD\DVLQJOHSHDNRUPRGHDWDSSUR[LPDWHO\GHFLPDOSRURVLW\7KLV
PDWFKHVKLVWRULFDOYDOXHVDQGWUHQGVRIWKHQHXWURQSRURVLW\LQWKHDUHDLQGLFDWLQJJRRG

TXDQWLW\GDWD0DUF&RQQROO\SHUVRQDOFRPPXQLFDWLRQ7KHVHYDOXHVDQGWUHQGV
DUHREVHUYHGLQWKH)HGHUDO*0ZHOO$3,ORFDWHGLQWKH
QRUWKHDVWTXDUWHURIVHFWLRQLQWKHVWXG\DUHD)LJXUH
&DOFXODWHGORJVLQFOXGHFRDOLQGLFDWRUIODJV&2$/WHPSHUDWXUHJUDGLHQW
7(03FKORULGHJUDGLHQW1$&/DQGVKDOHYROXPHYVKDOHORJV&URVVSORWDQDO\VLV
ZDVXVHGWRGHWHUPLQHIRUPDWLRQZDWHUUHVLVWLYLW\5:WRWDOSRURVLW\3+,1'
DSSDUHQWJUDLQGHQVLW\5+20$1'DQGFOD\YROXPHYFOD\ORJV
)RUPDWLRQZDWHUUHVLVWLYLW\5ZJUDGLHQWVZHUHGHYHORSHGIURPDQDO\VLVXWLOL]LQJ
3LFNHWWSORWV7KH3LFNHWWSORWLVDJUDSKLFDOUHSUHVHQWDWLRQRIWKH$UFKLHHTXDWLRQZKLFK
FDOFXODWHVZDWHUVDWXUDWLRQ6ZIURPIRUPDWLRQZDWHUUHVLVWLYLW\5ZSRURVLW\ࢥWUXH
IRUPDWLRQUHVLVWLYLW\5WDQGHPSLULFDOIDFWRUVGHULYHGIURPIRUPDWLRQHYDOXDWLRQ7KH
WRUWXRVLW\IDFWRUaUHSUHVHQWVWKHSRUHJHRPHWU\RIWKHURFN. 7KHFHPHQWDWLRQ
H[SRQHQWm LVLQWHUSUHWHGDVWKHUDWHRIFKDQJHRIWKHFRQQHFWHGQHVVZLWKSRURVLW\
DQGFRQQHFWLYLW\. 7KHVDWXUDWLRQH[SRQHQWnUHSUHVHQWVWKHUHODWLRQVKLSEHWZHHQ
ZDWHUVDWXUDWLRQDQGUHVLVWLYLW\
ܵ௪ =  ൤
ܽ כ ܴ௪
߶௠ כ  ܴ௧
൨
ଵ
௡
$3LFNHWWSORWLVDFURVVSORWRISRURVLW\<D[LVYVUHVLVWLYLW\;D[LVERWKRQ
ORJDULWKPLFVFDOHV,QWKLVVWXG\ORJGDWDXVHGDUHGHQVLW\SRURVLW\3+,'DQGGHHS
LQGXFWLRQUHVLVWLYLW\5,/':DWHUVDWXUDWLRQ6ZFDQEHGHWHUPLQHGEDVHGRQDQ
DQDO\VLVRIWKH3LFNHWWSORWGDWDDQGDSSOLFDWLRQRIWKH$UFKLHHTXDWLRQ$ZDWHU
VDWXUDWLRQ6ZJULGFDQEHFUHDWHGRQWKH3LFNHWWSORWDQGLVGLPHQVLRQDOO\FRQWUROOHGE\
WKHFRHIILFLHQWVLQWKH$UFKLHHTXDWLRQZKHUHWKHWRUWXRVLW\IDFWRUaFRQWUROVWKH\
LQWHUVHFWLRQIRUWKHZDWHUVDWXUDWLRQOLQHWKHFHPHQWDWLRQH[SRQHQWm FRQWUROV

WKHVORSHRIWKHOLQHVRIHTXDOZDWHUVDWXUDWLRQDQGWKHVDWXUDWLRQH[SRQHQWnFRQWUROV
WKH VSDFLQJEHWZHHQWKHOLQHVRIFRQVWDQWZDWHUVDWXUDWLRQV'XHWRWKHODFNRIFRUH
GDWDQHFHVVDU\IRUH[SHULPHQWDOGHWHUPLQDWLRQRIWKHFRHIILFLHQWVYDOXHVRIa=1m=2, 
DQGn=2 ZHUHXVHGDVUHDVRQDEOHDSSUR[LPDWLRQVIRUWKHVWXG\DUHD$VTXLWKHWDO
)RUPDWLRQSRURVLW\DQGUHVLVWLYLW\ERWKFRQWUROZDWHUVDWXUDWLRQRQWKH3LFNHWW
SORWZLWKWKHKLJKHVWZDWHUVDWXUDWLRQVEHLQJFDOFXODWHGIURPWKHORZHVWSRURVLWLHVDQG
UHVLVWLYLWLHVDQGWKHORZHVWZDWHUVDWXUDWLRQVEHLQJFDOFXODWHGIURPWKHKLJKHVW
SRURVLWLHVDQGUHVLVWLYLWLHV
3LFNHWWSORWVZHUHEXLOWIRUWKUHHIWPVWUDWLJUDSKLFLQWHUYDOV7KHWKUHH
LQWHUYDOVIURPGHHSHVWWRVKDOORZHVWDUH5ROOLQVWR52/¶52/¶WR
52/¶DQG52/¶WR52/¶)LJXUH7KHVXUIDFHVDUHQDPHGVXFK
WKDW52/;¶UHIHUVWRDORFDWLRQ;IHHWDERYHWKHWRSRIWKH5ROOLQV6DQGVWRQHPHPEHU
52/7KLVZDVGRQHLQRUGHUWRH[DPLQHYHUWLFDOWUHQGVLQIRUPDWLRQZDWHUUHVLVWLYLW\
:DWHUVDWXUDWLRQYDOXHVZHUHREWDLQHGE\LGHQWLI\LQJDWUHQGLQHDFK3LFNHWWSORWWKDW
UHSUHVHQWHGHLWKHUZDWHUVDWXUDWLRQLQZDWHUVDWXUDWHGLQWHUYDOVRULUUHGXFLEOH
ZDWHUVDWXUDWLRQLQJDVVDWXUDWHGLQWHUYDOV,QWKLVVWXG\WKHWUHQGVRQWKH3LFNHWWSORWV
GHPRQVWUDWHWKDWWKHORZHUWZRLQWHUYDOV5ROOLQVWR52/¶DQG52/¶WR
52/¶DUHSULPDULO\JDVVDWXUDWHGDQGWKHXSSHULQWHUYDO52/¶WR
52/¶LVZDWHUVDWXUDWHG
,QWKHXSSHULQWHUYDOWKHZDWHUVDWXUDWLRQWUHQGZDVLQWHUSUHWHGZKHUHWKH
GHQVLW\RIGDWDSRLQWVRQWKH3LFNHWWSORWEHJDQWRGHFUHDVHDVWKHSRURVLW\3+,'DQG
UHVLVWLYLW\5,/'UHDFKHGWKHLUVPDOOHVWPHDVXUHGYDOXHV7KHZDWHUVDWXUDWLRQJULGZDV
RYHUODLQRQWKH3LFNHWWSORWZLWKWKHOLQHUHSUHVHQWLQJZDWHUVDWXUDWLRQDOLJQHG

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DORQJWKLVZDWHUVDWXUDWLRQWUHQG7KH5ZYDOXHIRUWKHLQWHUYDOZDVLQWHUSUHWHGDV
EHLQJHTXDOWRWKHUHVLVWLYLW\YDOXH[D[LVZKHUHWKHZDWHUVDWXUDWLRQOLQH
LQWHUVHFWHGWKHSRURVLW\YDOXH\D[LV)LJXUH
7KHWHFKQLTXHIRUGHWHUPLQLQJIRUPDWLRQZDWHUUHVLVWLYLW\ZDVPRGLILHGIRUWKH
ORZHUWZRLQWHUYDOVZKHUHWKHUHDUHQRVDQGVKDYLQJSHUFHQWZDWHUVDWXUDWLRQ,IWKH
LUUHGXFLEOHZDWHUVDWXUDWLRQYDOXHLVNQRZQDWUHQGIRULWFDQEHLGHQWLILHGRQWKH3LFNHWW
SORWDQGZDWHUVDWXUDWLRQDQGIRUPDWLRQZDWHUUHVLVWLYLW\FDQVWLOOEHFDOFXODWHG
%HFDXVHFOD\ERXQGZDWHUDFFRXQWVIRUDSSUR[LPDWHO\RIWKHWRWDOZDWHUVDWXUDWLRQ
LQUHVHUYRLUVOLNHWKRVHLQWKH3LFHDQFH%DVLQ&OXIIDQG%\UQHVGDWDSRLQWVRQD
3LFNHWWSORWFDQEHLQWHUSUHWHGDVEHLQJLQDIXOO\JDVVDWXUDWHGLQWHUYDOZKHUH
LUUHGXFLEOHZDWHUVDWXUDWLRQ6ZLUUHTXDOVRU7KHLUUHGXFLEOHZDWHUVDWXUDWLRQ
WUHQGZDVLQWHUSUHWHGZKHUHWKHGHQVLW\RIGDWDSRLQWVRQWKH3LFNHWWSORWEHJDQWR
GHFUHDVHDVWKHSRURVLW\3+,'DQGUHVLVWLYLW\5,/'UHDFKHGWKHLUODUJHVWPHDVXUHG
YDOXHVDVGDWDDORQJWKLVWUHQGH[KLELWVKLJKHUJDVVDWXUDWLRQVDQGLPPRYDEOHZDWHU
VDWXUDWLRQV)LJXUH7KHZDWHUVDWXUDWLRQJULGZDVRYHUODLQRQWKH3LFNHWWSORWZLWK
WKHOLQHUHSUHVHQWLQJZDWHUVDWXUDWLRQDOLJQHGDORQJWKLVLUUHGXFLEOHZDWHU
VDWXUDWLRQWUHQG7KH5ZYDOXHIRUWKHLQWHUYDOZDVLQWHUSUHWHGDVEHLQJHTXDOWRWKH
UHVLVWLYLW\YDOXH[D[LVZKHUHWKHZDWHUVDWXUDWLRQOLQHLQWHUVHFWHGWKH
SRURVLW\YDOXH\D[LV
5HVXOWVIURP3LFNHWWSORWDQDO\VLVLQGLFDWHIRUPDWLRQZDWHUUHVLVWLYLW\GHFUHDVHV
ZLWKGHSWK,QGHVFHQGLQJVWUDWLJUDSKLFRUGHUDYHUDJHIRUPDWLRQZDWHUUHVLVWLYLW\YDOXHV
RIDQGRKPPZHUHGHWHUPLQHGIRUWKHWKUHHLQWHUYDOV7KHGDWD

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SRLQWVDQGWKHVWUDWLJUDSKLFGLVWDQFHEHWZHHQLQWHUYDOVIW>P@ZHUHXVHGWR
GHYHORSDOLQHDUJUDGLHQWWRFDOFXODWH5ZDWDJLYHQGHSWKDERYHWKH5ROOLQV

5Z 0HDVXUHG'HSWKRI5ROOLQV±*LYHQ'HSWK

7KHHTXDWLRQFRHIILFLHQWUHSUHVHQWVWKHVORSHRKPPIWDQGWKHFRQVWDQW
UHSUHVHQWVWKH\LQWHUFHSWRKPPRIDOLQHDUUHJUHVVLRQWKURXJKWKHWKUHH5Z
GDWDSRLQWV
9VKDOHDQGYFOD\ORJVZHUHFDOFXODWHGDQGXVHGWRGHILQHWKHUHODWLYH
SURSRUWLRQVRIVKDOHDQGFOD\VL]HGSDUWLFOHVDWDJLYHQGHSWKLGHQWLI\WKHLQWHUYDOV
GRPLQDWHGE\VKDOHDQGFOD\DQGH[FOXGHWKRVHLQWHUYDOVIURPVXEVHTXHQWPRGHOLQJ
7KHYVKDOHORJLVWKHYROXPHRIVKDOHDWDJLYHQGHSWKH[SUHVVHGDVDGHFLPDOIUDFWLRQ
RUSHUFHQWDJHDQGLVDOLQHDUFDOFXODWLRQIURPWKHQRUPDOL]HGJDPPDUD\ORJ&UDLQ
$VTXLWKHWDO7RFDOFXODWHWKHYVKDOHORJJDPPDUD\YDOXHV
UHSUHVHQWLQJVKDOH*5BVKDOHDQGVKDOH*5BVDQGDUHHVWDEOLVKHGEDVHG
RQKLVWRJUDPDQDO\VLVRIWKHQRUPDOL]HGJDPPDUD\ORJV7KLVDQDO\VLVZDVGRQHIRU
HDFKRIWKHWZHQW\VHYHQZHOOVDQGWKHIROORZLQJDYHUDJHYDOXHVZHUHXVHGIRUDOO
VXEVHTXHQWYVKDOHFDOFXODWLRQV*5BVDQG J$3,DQG*5BVKDOH J$3,XQLWV
9VKDOHORJVZHUHWKHQFDOFXODWHGIRUHDFKZHOOIURPWKHQRUPDOL]HGJDPPDUD\
*5B10ORJXVLQJWKHHTXDWLRQ

9VKDOH *5B10±*5BVDQG*5BVKDOH±*5BVDQG


$Q\JDPPDUD\UHDGLQJORZHUWKDQWKH*5BVDQGYDOXHRUKLJKHUWKDQWKH*5BVKDOH
YDOXHGHIDXOWHGWRDYVKDOHYDOXHRIRUVKDOHUHVSHFWLYHO\$VDILQDOVWHSD
FRDOIODJZDVWKHQXVHGWRH[FOXGHWKHLQWHUYDOVRIFRDO$Q\ZKHUHWKDWFRDOZDV
FDOFXODWHGZDVDVVLJQHGDQXOOYDOXHIRUVKDOH$QLQWHUYDOZDVIODJJHGDVFRDOZKHQWKH
GHQVLW\5+2%ORJZDVEHWZHHQDQGJFFDQGWKHUHVLVWLYLW\5,/'ORJZDVJUHDWHU
WKDQRKPP
7KHYFOD\ORJLVWKHYROXPHRIFOD\H[SUHVVHGDVDGHFLPDORUSHUFHQWDJHDQG
ZDVFDOFXODWHGEDVHGRQDQRUPDOL]HGQHXWURQSRURVLW\3+,1B/61YHUVXVEXON
GHQVLW\5+2%FURVVSORW)LJXUH$FOD\YROXPHJULGZDVFUHDWHGE\VHOHFWLQJ
WKUHHGDWDSRLQWVRQWKHQHXWURQGHQVLW\FURVVSORWZLWKHDFKGDWDSRLQWHVWDEOLVKLQJD
ERXQGDU\FRQGLWLRQIRUWKHJULG7ZRGDWDSRLQWVUHIHUUHGWRDVWKHVDQGVWRQHSRLQWV
UHSUHVHQWFOD\$OLQHGHILQHGE\WKHWZRVDQGVWRQHSRLQWVLVWKHVDQGVWRQHOLQH
ZKHUHDQ\SRLQWDORQJRUDERYHWKHOLQHKDVFOD\7KHWZRVDQGVWRQHSRLQWVZHUH
3+,1B/61 5+2% DQG3+,1B/61 5+2% ZKLFKZHUHVHOHFWHG
XVLQJNQRZQSRLQWVIURPWKH6FKOXPEHUJHUFKDUWERRN3+,1B/61YDOXHVDUHLQ
GHFLPDORUIUDFWLRQDQG5+2%YDOXHVDUHLQJFP
7KHFOD\SRLQWUHSUHVHQWVQHXWURQSRURVLW\DQGGHQVLW\YDOXHVUHSUHVHQWDWLYHRI
DYHUDJHFOD\YDOXHVIRXQGLQWKH:LOOLDPV)RUNIRUPDWLRQ0DUF&RQQROO\SHUVRQDO
FRPPXQLFDWLRQ'HEUD3DWVNRZVNLSHUVRQDOFRPPXQLFDWLRQ$OLQH
UXQQLQJSDUDOOHOWRWKHVDQGVWRQHOLQHDQGWKURXJKWKHFOD\SRLQWUHIHUUHGWRDVWKHFOD\
OLQHGHILQHVWKHFOD\OLQHRIWKHJULGZKHUHDQ\ORFDWLRQDORQJRUEHORZWKHOLQH
KDVFOD\7KHFOD\SRLQWZDVDW3+,1B/61 5+2% GHWHUPLQHGIURP
FOD\SRLQWSDUDPHWHUHVWLPDWLRQV6FKOXPEHUJHU7KHYFOD\JULGZDVWKHQ

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FUHDWHGEHWZHHQWKHVDQGVWRQHOLQHDQGFOD\OLQHZLWKYFOD\LQFUHDVLQJOLQHDUO\IURP
DWWKHVDQGVWRQHOLQHWRDWWKHFOD\OLQH$OOYDOXHVRQWKHQHXWURQGHQVLW\
FURVVSORWZHUHWKHQDVVLJQHGDFOD\YROXPHSHUFHQWDJHEDVHGRQWKHLUORFDWLRQUHODWLYH
WRWKHJULGUHVXOWLQJLQDYFOD\ORJIRUHDFKRIWKHZHOOVLQWKHVWXG\DUHD
7KHQHXWURQGHQVLW\FURVVSORWSRURVLW\3+,1'ORJVDQGDSSDUHQWJUDLQGHQVLW\
5+20$1'YDOXHVZHUHDVVLJQHGXVLQJWKHVDPHPHWKRGRORJ\DVWKHYFOD\ORJWKH
GDWDSRLQWVZHUHSORWWHGRQDFURVVSORWRIQHXWURQSRURVLW\YHUVXVGHQVLW\DQGDVVLJQHG
YDOXHVIRUERWK3+,1'DQG5+20$1'ZHUHHVWDEOLVKHGEDVHGRQWKHNQRZQ
GLVWULEXWLRQRIYDOXHVRQWKHFURVVSORW)LJXUH7KHSULPDU\GLIIHUHQFHLQ
PHWKRGRORJ\IURPWKHYFOD\ORJLVWKHQRQOLQHDUUHODWLRQVKLSRI3+,1'DQG5+20$1'
WRWKHFURVVSORW(YHU\GDWDSRLQWZDVDVVLJQHGERWKDQHXWURQGHQVLW\YDOXHDQG
DSSDUHQWJUDLQGHQVLW\YDOXHEDVHGRQWKHLUORFDWLRQZLWKLQWKHFURVVSORW7KHVHYDOXHV
DORQJZLWKWKHGHSWKORJZHUHXVHGWRJHQHUDWHWKHQHXWURQGHQVLW\SRURVLW\DQG
DSSDUHQWJUDLQGHQVLW\ORJV
,QGHYHORSLQJWKHSHWURSK\VLFDOPRGHOIRUWKH&DVFDGH&UHHNZHOO
)LJXUHWKHFRUHPHDVXUHG[UD\GLIIUDFWLRQYDOXHVRIFKORULWHDQGSRWDVVLXP
IHOGVSDUZHUHXVHGWRFDOLEUDWHWKHFDOFXODWHGPLQHUDOSURSRUWLRQVYROXPHVRIWKH
SHWURSK\VLFDOPRGHO7KHPDLQFRQWUROVLQFDOLEUDWLQJWKHPLQHUDOSURSRUWLRQVZHUHWKH
PDWUL[GHQVLWLHV5+20$JFPDQGFURVVVHFWLRQDOSKRWRHOHFWULFYDOXHV80$
EDUQVFPIRUHDFKPLQHUDO7KH5+20$DQG80$YDOXHVGRQRWUHSUHVHQWWKHWUXH
YDOXHVIRUHDFKPLQHUDOEXWUDWKHUWKHDSSDUHQWYDOXHVWKDWWKHZHOOORJVKDYHUHFRUGHG
7KHUHIRUHWKHVHYDOXHVZHUHDGMXVWHGLQGLYLGXDOO\DQGWKHSHWURSK\VLFDOPRGHOZDV
LWHUDWHGXQWLODFRPELQDWLRQRIDOO80$DQG5+20$YDOXHVZDVIRXQGZKHUHWKH

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FDOFXODWHGYDOXHVIRUWKHPLQHUDOVFORVHO\PDWFKHGWKHFRUHPHDVXUHGYDOXHV&KORULWH
YROXPHVKDGDFRUUHODWLRQFRHIILFLHQW5RIDIWHUUHPRYDORIWZRVKDOH
PHDVXUHPHQWV96+!DW¶DQG¶
$EOLQGVWXG\ZDVFRPSOHWHGWRYDOLGDWHWKHSDUDPHWHUVRIWKHPRGHO7KH0:;
0XOWL:HOO([SHULPHQWSXEOLFGDWDVHWZDVXWLOL]HGIRUWKLVEOLQGVWXG\VSHFLILFDOO\ORJV
DQGSRLQWFRXQWPHDVXUHPHQWVIURPWKH0:;ZHOO$3,ZHUHXVHG
FRXUWHV\RI7KH'LVFRYHU\*URXS,QF&KORULWHYROXPHVZHUHFDOFXODWHGXVLQJWKHVDPH
DSSDUHQW5+20$DQG80$YDOXHVGHWHUPLQHGIURPWKH&DVFDGH&UHHNZHOO
LQVHYHQLQWHUYDOVZLWKSRLQWFRXQWDQG3KRWRHOHFWULF3(ORJPHDVXUHPHQWV7KH
FKORULWHORJYROXPHVFRUUHODWHGWRWKHFKORULWHSRLQWFRXQWUHVXOWVZLWKDFRUUHODWLRQ
FRHIILFLHQW5RIDIWHUUHPRYDORIRQHPHDVXUHPHQWLQVKDOH96+!DW
¶$SSHQGL[0
7KH5+20$DQG80$LQSXWSDUDPHWHUVZHUHFDOLEUDWHGWRWKHFRUHGZHOO
&DVFDGH&UHHNDQGWKHQDSSOLHGWRWKHZHOOVLQWKHVWXG\DUHD0LQHUDO
SURSRUWLRQVDQGIOXLGVDWXUDWLRQVZHUHFDOFXODWHGWKURXJKRXWHDFKZHOO1RDGGLWLRQDO[
UD\GLIIUDFWLRQGDWDRUPLQHUDORJ\PHDVXUHPHQWVZHUHDYDLODEOHZLWKLQWKHVWXG\DUHD
VRQRIXUWKHUFDOLEUDWLRQRIWKHFDOFXODWHGUHVXOWVFRXOGEHDFFRPSOLVKHG,WLVLPSRUWDQW
WRQRWHWKDWWKLVPRGHOLQJWHFKQLTXHUHVXOWHGLQDQRQXQLTXHVROXWLRQVXFKWKDWRWKHU
FRPELQDWLRQVRI5+20$DQG80$FRXOGJLYHVLPLODUUHDVRQDEOHUHVXOWV
7KHUDQJHRIFDOFXODWHGPLQHUDOSURSRUWLRQVZDVIRUSRWDVVLXPIHOGVSDU
DQGIRUFKORULWH&DOFXODWHGSURSRUWLRQVIRUERWKWKHFKORULWHDQGSRWDVVLXP
IHOGVSDULQFUHDVHGVWUDWLJUDSKLFDOO\IURPDWWKHEDVHRIWKH:LOOLDPV)RUN)RUPDWLRQ
XSWRWKHLUUHVSHFWLYHPD[LPXPVQHDUWKHWRSRIWKH0HVDYHUGH*URXS

63$7,$/',675,%87,212)&+/25,7($1'327$66,80)(/'63$5
 7KUHHGLPHQVLRQDOOLWKRORJ\PRGHOVZHUHGHYHORSHGWRLQYHVWLJDWHWKHVSDWLDO
GLVWULEXWLRQRIFKORULWHDQGSRWDVVLXPIHOGVSDUDQGDUFKLWHFWXUDOHOHPHQWORJVZHUHXVHG
WRLQYHVWLJDWHWKHGLVWULEXWLRQRIWKHVHPLQHUDOVDPRQJDUFKLWHFWXUDOHOHPHQWV7KHDUHD
RIWKHPRGHOHQFRPSDVVHVWKHHLJKWVHFWLRQVWXG\DUHD)LJXUH7KHWKLFNQHVVRIWKH
PRGHOYDULHVIURPWRIWWRPDQGWKHLQWHUYDOLQFOXGHVWKHPLGGOH
DQGXSSHU:LOOLDPV)RUN)RUPDWLRQV7KHIRXUWHHQLQWHUYDOVGHILQHGIURPWKH
VWUDWLJUDSKLFORJFRUUHODWLRQVDQGDQDO\VLVRIWKHYHUWLFDOSURSRUWLRQFXUYHVZHUHXVHGLQ
FRQVWUXFWLQJWKHIUDPHZRUNRIWKHPRGHOUHVXOWLQJLQDWKUHHGLPHQVLRQDOPRGHOZLWK
IRXUWHHQ]RQHVVHYHQ]RQHVUHSUHVHQWLQJVDQGVWRQHULFKLQWHUYDOVDQGVHYHQ]RQHV
UHSUHVHQWLQJUHODWLYHO\VDQGVWRQHSRRULQWHUYDOVZLWKLQWKHPLGGOHDQGXSSHU:LOOLDPV
)RUN)RUPDWLRQV)LJXUH
 8SVFDOHGGLVFUHWHORJVLHOLWKRORJ\DQGDUFKLWHFWXUDOHOHPHQWDQGFRQWLQXRXV
ORJVLHSRWDVVLXPIHOGVSDUDQGFKORULWHZHUHWUHDWHGDVKDUGGDWDDQGKRQRUHGLQWKH
WKUHHGLPHQVLRQDOPRGHOV/LWKRORJ\YHUWLFDOSURSRUWLRQFXUYHVDQGSHUFHQWDJHVZHUH
XVHGDVYHUWLFDOFRQVWUDLQWVLQWKHWKUHHGLPHQVLRQDOOLWKRORJ\PRGHOVWRKRQRUWKH
VWUDWLJUDSKLFFKDQJHVLQWKHOLWKRORJ\SHUFHQWDJHVEDVHGRQWKHXSVFDOHGOLWKRORJ\ORJV
 $QDYHUDJHOLWKRORJ\PRGHOZDVFUHDWHGIURPWKLUW\OLWKRORJ\UHDOL]DWLRQV7KH
DYHUDJHOLWKRORJ\PRGHODSSUR[LPDWHVWKHPDSSHGGLVWULEXWLRQRIOLWKRORJ\EDVHGRQ
NULJLQJ(DFKRIWKH]RQHVZDVPRGHOHGLQGHSHQGHQWO\XVLQJDFRUUHVSRQGLQJ
YHUWLFDOSURSRUWLRQFXUYHVSHFLILFDOO\JHQHUDWHGRQD]RQHE\]RQHEDVLVZKLOHFRDOZDV
PRGHOHGGHWHUPLQLVWLFDOO\
6HTXHQWLDOLQGLFDWRUEDVHGVLPXODWLRQ6,6ZDVXWLOL]HGWREXLOGWKHVHPRGHOV
6,6LVDFHOORUSL[HOEDVHGPRGHOLQJPHWKRGWKDWVLPXODWHVWKHVSDWLDOGLVWULEXWLRQDQG
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Figure 15: Three-dimensional model framework from the base of the middle Williams 
Fork formation to the top of the Mesaverde Group. (A) Location of 329 wells intersecting 
the model, with no vertical exaggeration. (B) Model consists of 14 zones, denoted as 
either Sand-Rich (SRZ) or Sand-Poor (SPZ) zones. The model is approximately 9.4 sq 
mi (24.3 sq km) and varies in thickness from 1,300 to 1,520 ft (396 to 463 m). The 
model contains 350 proportional layers that are each approximately 4 ft (1.2 m) thick. 
Cell dimensions are 40 by 40 ft (12.2 by 12.2 m) aerially, resulting in 57.3 million cells.
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FRQWLQXLW\RIGLVFUHWHDQGFRQWLQXRXVGDWDHJOLWKRORJ\RUYFOD\UHVSHFWLYHO\WKURXJK
WKHXVHRIYDULRJUDPVWRFRQWURODQ\WUHQGVLQWKHGLVWULEXWLRQRIWKHGDWD$OOOD\HUVDQG
]RQHVZHUHPRGHOHGXVLQJWKHVDPHLVRWURSLFVSKHULFDOYDULRJUDPGLSRIQXJJHWRI
PDMRUDQGPLQRUUDQJHVRIDQGDYHUWLFDOUDQJHRI,QGLFDWRUEDVHG
VLPXODWLRQVSRSXODWHWKHPRGHOFHOOE\FHOOE\ILUVWDVVLJQLQJZHOOGDWDOLWKRORJ\EDVHG
RQWKHYFOD\ORJWRWKHJULGFHOOFORVHVWWRWKHZHOO'HXWVFKDQG-RXUQHO$
UDQGRPRUGHURIFHOOVLVHVWDEOLVKHGLQZKLFKHYHU\FHOOLVYLVLWHGRQFHDQGLVDVVLJQHG
DVLPXODWHGYDOXHEDVHGRQWKHFRQGLWLRQDOSUREDELOLWLHVWKHVWUDWLJUDSKLFOLWKRORJ\
SHUFHQWDJHVGHULYHGIURPWKH93&V'HXWVFKDQG-RXUQHO1HDUE\GDWDDQG
SUHYLRXVO\VLPXODWHGYDOXHVVWDUWLQJDWWKHZHOODUHHYDOXDWHGDQGWKHFRQGLWLRQDO
SUREDELOLWLHVDUHFRQVWUXFWHGE\NULJLQJ7KHUHVXOWLQJWKUHHGLPHQVLRQDOPRGHOZLOO
KRQRUWKHLQSXWGDWDJOREDOSURSRUWLRQVRIWKHSURSHUW\DQGYDULRJUDPVLIHVWDEOLVKHG
'HXWVFKDQG-RXUQHO
$YHUDJHPRGHOVIRUFKORULWHDQGSRWDVVLXPIHOGVSDUVZHUHDOVRFUHDWHGIURP
WKLUW\UHDOL]DWLRQVRIHDFK7KHPRGHOVZHUHFRQGLWLRQHGWRWKHFKORULWHDQGSRWDVVLXP
IHOGVSDUSURSRUWLRQORJVDVZHOODVIUHTXHQF\KLVWRJUDPVRIWKHPLQHUDOYROXPH
SHUFHQWDJHVEDVHGRQWKHXSVFDOHGORJV7KHPRGHOVZHUHIXUWKHUUHILQHGXVLQJFXWRII
YDOXHVRIFKORULWHDQGSRWDVVLXPIHOGVSDUWRKLJKOLJKWWKHDUHDVZKHUHDJUHDWHUUHODWLYH
FRQFHQWUDWLRQRIHDFKPLQHUDOFKORULWHRUSRWDVVLXPIHOGVSDUH[LVWHGZLWKLQWKHPRGHO
UHVXOWLQJLQGLVFUHWHPLQHUDOFRQFHQWUDWLRQPRGHOVIRUFKORULWHDQGSRWDVVLXPIHOGVSDU
7KHPRGHOHG3YDOXHVRIERWKFKORULWH3 DQGSRWDVVLXPIHOGVSDU3 
ZHUHXVHGDVWKHFXWRIIYDOXHVIRUDUHDVRIKLJKHUFRQFHQWUDWLRQVRIWKHPLQHUDOV$Q\
DUHDZLWKDYROXPHSHUFHQWDJHHTXDOWRRUJUHDWHUWKDQWKH3YDOXHZDVFRQVLGHUHGWR

EHDKLJKFRQFHQWUDWLRQZKLOHDQ\DUHDZLWKDYROXPHSHUFHQWDJHOHVVWKDQWKH3
YDOXHZDVFRQVLGHUHGWREHDORZFRQFHQWUDWLRQ9ROXPHWULFFDOFXODWLRQVIRUWKH
GLVFUHWHPLQHUDOFRQFHQWUDWLRQPRGHOVZHUHVXEVHTXHQWO\FRPSOHWHGWRTXDQWLI\WKH
VLJQLILFDQFHRIWKHPLQHUDOV
7KHYDOXHVRIWKHGLVFUHWHPLQHUDOFRQFHQWUDWLRQPRGHOVZHUHH[WUDFWHGDQG
XVHGWRFUHDWHSVHXGRZHOOORJVDORQJWKHZHOOERUHVLQZKLFKDUFKLWHFWXUDOHOHPHQW
ORJVKDGSUHYLRXVO\EHHQLQWHUSUHWHG7KHVHSVHXGRZHOOORJVRIPLQHUDOFRQFHQWUDWLRQV
ZHUHWKHQXVHGWRDQDO\]HWKHGLVWULEXWLRQRIWKHPLQHUDOFRQFHQWUDWLRQVDVWKH\UHODWHG
WRWKHLQWHUSUHWHGDUFKLWHFWXUDOHOHPHQWV
$QDO\VLVRIWKHOLWKRORJ\PRGHOVKRZVKRZWKHGLVWULEXWLRQRIVDQGVWRQHYDULHV
VSDWLDOO\ZLWKLQWKHPLGGOHDQGXSSHU:LOOLDPV)RUN)RUPDWLRQV)LJXUH$7KH
KLJKHVWQHWWRJURVVUDWLRVLQWKHPLGGOHDQGXSSHU:LOOLDPV)RUN)RUPDWLRQVDUH
VWDWLVWLFDOO\VLPLODUYHUVXVUHVSHFWLYHO\7KHORZHVWQHWWRJURVVUDWLRVDUH
PXFKPRUHFRQWUDVWLQJYHUVXVUHVSHFWLYHO\7KHDYHUDJHQHWWRJURVVUDWLR
IRUWKHPLGGOH:LOOLDPV)RUN)RUPDWLRQLVZKLOHWKHDYHUDJHQHWWRJURVVIRUWKH
XSSHU:LOOLDPV)RUN)RUPDWLRQLVZLWKDFRPELQHGQHWWRJURVVUDWLRRI
 7KHYROXPHWULFSURSRUWLRQRIFKORULWHUDQJHVIURPWRRIDOOPRGHOFHOOV
ZKLOHRQO\DYHUDJLQJGLVWULEXWLRQDFURVVWKHHQWLUHPRGHO7KHSURSRUWLRQRI
SRWDVVLXPIHOGVSDUUDQJHVIURPWRRIDOOPRGHOFHOOVDQGDOVRDYHUDJHV
GLVWULEXWLRQIRUWKHHQWLUHPRGHO6WDWLVWLFDOO\]RQHKDGWKHKLJKHVWDYHUDJHFKORULWH
SURSRUWLRQZKLOH]RQHVDQGKDGWKHKLJKHVWDYHUDJHSRWDVVLXPIHOGVSDU
SURSRUWLRQ7KH3YDOXHVIRUFKORULWHDQGSRWDVVLXPIHOGVSDUDUHFDOFXODWHGDV
DQGUHVSHFWLYHO\

V.E. = 6x
Figure 16: Stratigraphic cross-section of lithology and chlorite distribution models.  (A) 
Lithology constrained to the sandstone-rich intervals. (B) Occurrence of chlorite con-
strained to sandstones. (C) Occurrence of high-concentration chlorite (>1.3%). See 
Figure 3 for location of cross-section. APIs of wells intersected (1-15) are 
05045128320000, 05045095550000, 05045079000000, 05045078880000, 05045077140000, 
05045104650000, 05045103760000, 05045114250000, 05045115020000, 05045079780000, 
05045124900000, 05045144680000, 05045144690000, 05045073710000, and 
05045133370000.
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7KHGLVWULEXWLRQRIWKHFKORULWHGLGQRWYDU\VLJQLILFDQWO\EHWZHHQUHVHUYRLU
DUFKLWHFWXUDOHOHPHQWVZKHQFRPSDUHGIRUWKHWKUHHFRQFHQWUDWLRQUDQJHVHYDOXDWHG
7DEOH:LWKLQWKHFUHYDVVHVSOD\VKDGQRFKORULWHFRQWDLQHGORZ
FKORULWHFRQFHQWUDWLRQV3DQGKDGKLJKFKORULWHFRQFHQWUDWLRQV!37KH
GLVWULEXWLRQIRUWKHFKDQQHOILOOVZDVYHU\VLPLODUZLWKODFNLQJFKORULWH
KDYLQJORZFKORULWHFRQFHQWUDWLRQVDQGKDYLQJKLJKFKORULWHFRQFHQWUDWLRQV:KHQ
FRPSDUHGDJDLQVWOLWKRORJ\KLJKFRQFHQWUDWLRQVDERYHRIFKORULWHZHUHIRXQGLQ
RIWKHVDQGVWRQHVZKLOHWKHORZFRQFHQWUDWLRQVZHUHLQ7KHUHZHUH
RIWKHVDQGVWRQHVWKDWODFNHGFKORULWH7KHRFFXUUHQFHRIKLJKFRQFHQWUDWLRQVRI
FKORULWHYDULHGVWUDWLJUDSKLFDOO\IURPLQ=RQHWRLQ=RQHZLWKDQ
LQFUHDVLQJGRZQZDUGWUHQGIURP=RQHWKURXJK=RQH)LJXUH&7KHUHZDVQR
GLVFHUQLEOHSDWWHUQRIRFFXUUHQFHEHORZ=RQH+LJKFRQFHQWUDWLRQVRI
SRWDVVLXPIHOGVSDUZHUHRQO\VKRZQWRH[LVWLQRIWKHVDQGVWRQHVDQGWKHORZ
FRQFHQWUDWLRQVZHUHRQO\LQ7KHSRWDVVLXPIHOGVSDUFRQFHQWUDWLRQVZHUH
QRWDQDO\]HGVWUDWLJUDSKLFDOO\RUE\DUFKLWHFWXUDOHOHPHQWW\SHGXHWRVXFKORZ
RFFXUUHQFHV
.(<5(68/76$1'',6&866,21
7KHHLJKWNH\OLWKRIDFLHVDQGWKUHHPDLQDUFKLWHFWXUDOHOHPHQWVREVHUYHGDUH
VLPLODUWRWKRVHSUHYLRXVO\GRFXPHQWHGLQWKHEDVLQ&ROHDQG&XPHOOD3UDQWHUHW
DO+HZOHWW6ORDQ7KHVDQGVWRQHSURSRUWLRQVQHWWRJURVVUDWLRV
DUHZLWKLQSUHYLRXVO\REVHUYHGUDQJHVPLGGOH:LOOLDPV)RUN)RUPDWLRQQHWWRJURVVLV
FRPSDUHGWRDQGXSSHU:LOOLDPV)RUN)RUPDWLRQQHWWRJURVVLV
FRPSDUHGWR+HZOHWW&UHYDVVHVSOD\DQGFKDQQHOILOODUFKLWHFWXUDO

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HOHPHQWVFDQEHLGHQWLILHGIURPZHOOVORJVZLWKFUHYDVVHVSOD\VVKRZLQJDJHQHUDO
XSZDUGFRDUVHQLQJLQWKHJDPPDUD\RUYVKDOHORJVDQGFKDQQHOILOOVVKRZLQJD
JHQHUDOXSZDUGILQLQJLQWKHVDPHORJV7KHVWUDWLJUDSKLFYDULDWLRQVLQDUFKLWHFWXUDO
HOHPHQWVZHUHDOVRFRPSDUDEOHWRSUHYLRXVO\HVWDEOLVKHGUDQJHVFUHYDVVHVSOD\V
FRPSULVHGFRPSDUHGWRDQGFKDQQHOILOOVFRPSULVHGFRPSDUHG
WRRIWKHWRWDOSURSRUWLRQV+HZOHWW7KLVDGGLWLRQDOGDWDVHWRIQHWWR
JURVVUDWLRVDQGDUFKLWHFWXUDOHOHPHQWVYDULDWLRQVPD\DOORZIRUWUHQGFRPSDULVRQV
DFURVVILHOGVEXWGDWDIURPDGGLWLRQDOILHOGVZLWKLQWKHEDVLQDUHQHFHVVDU\WR
DGHTXDWHO\FKDUDFWHUL]HEDVLQZLGHWUHQGV7KHGHFUHDVHLQREVHUYHGFUHYDVVHVSOD\V
IURPLQWKHPLGGOH:LOOLDPV)RUN)RUPDWLRQWRLQWKHXSSHU:LOOLDPV)RUN
)RUPDWLRQDQGWKHLQFUHDVHLQFKDQQHOILOOVIURPWRDUHERWKLQGLFDWLRQVRID
FKDQJHLQGHSRVLWLRQDOVW\OH7KHUHLVSRVVLEO\DWUDQVLWLRQIURPD
PHDQGHULQJDQDVWDPRVLQJIOXYLDOV\VWHPZLWKORZDJJUDGDWLRQWRDEUDLGHGIOXYLDO
V\VWHP+RZHYHUGHWHUPLQLQJGHSRVLWLRQDOVW\OHZDVRXWVLGHRIWKHVFRSHRIWKLVVWXG\
DQGPRUHZRUNZRXOGEHQHHGHGWRFRQFOXVLYHO\GHWHUPLQHVXFKDFKDQJH
7KHWZRPLQHUDOVLQYHVWLJDWHGFKORULWHDQGSRWDVVLXPIHOGVSDUERWKDYHUDJHG
ZLWKLQWKHRYHUDOOVWXG\DUHDZKLOHKDYLQJUDUHORFDOPHDVXUHPHQWVRIXSWR
FDOFXODWHGIURPWKHSHWURSK\VLFDOPRGHO7KHVHKLJKSURSRUWLRQVDUHQRWVHHQLQWKH
FRUHGDWDDQGPD\EHDQDUWLIDFWRIOLPLWDWLRQVGXHWRWKHSHWURSK\VLFDOPRGHOLQJRU
WRROPHDVXUHPHQWVHQVLWLYLW\7KHKLJKHVWSHUFHQWDJHVIRUFKORULWHDQG
SRWDVVLXPIHOGVSDUIURPWKHFRUHVZHUHXVHGDVXSSHUOLPLWVIRUVXEVHTXHQW
PRGHOLQJ)XUWKHULQYHVWLJDWLRQVKRZVWKDWRIWKHSRWDVVLXPIHOGVSDUIURPWKH
SHWURSK\VLFDOUHVXOWVDQGFRQWULEXWLQJWRWKH3YDOXHRFFXUVLQWKHPXGVWRQHUHJLRQV

RIWKHOLWKRORJ\PRGHO7KHVHUHJLRQVZHUHH[FOXGHGIURPWKHGLVWULEXWLRQPRGHOLQJ
EDVHGRQWKHLUYFOD\ORJUHVSRQVHVDQGWKLVH[FOXVLRQLVOLNHO\WKHFDXVHRIWKHORZ
SURSRUWLRQVFDOFXODWHGZKHQFRPSDUHGWRWKH3YDOXHV$GMXVWLQJWKHFRQWUROVIRU
FDOFXODWLQJWKHYVKDOHLQWKHLQWHUYDOVZKHUHSRWDVVLXPIHOGVSDURFFXUVDVVDQGJUDLQV
PD\UHVXOWLQPRUHDFFXUDWHOLWKRORJ\DQGSURSRUWLRQFDOFXODWLRQVLQVXEVHTXHQW
DQDO\VLV
7KHORZHVWVWUDWLJUDSKLF]RQHVRIVDQG]RQHVDQGZHUHRISDUWLFXODU
LQWHUHVWLQWKLVVWXG\DVWKH\DUHGLUHFWO\DERYHWKHFRPSOHWHGLQWHUYDOVZLWKLQWKHZHOOV
DQGDUHSRVVLEOHWDUJHWVIRUUHFRPSOHWLRQVSHQGLQJUHHYDOXDWLRQRISHWURSK\VLFDO
PRGHOV:KHQFRPSDUHGWRWKHRWKHU]RQHVWKH\H[KLELWHGWKHWZRKLJKHVWSHUFHQWDJHV
RIVDQGVWRQHVFRQWDLQLQJFKORULWHRIWKHVDQGVWRQHVLQ]RQHDQGRIWKH
VDQGVWRQHVLQ]RQHKDGFKORULWH)LJXUH%7KLVLVVLJQLILFDQWDVUHODWLYHO\VPDOO
DPRXQWVRILURQEHDULQJFKORULWHLQFUHDVHZDWHUVDWXUDWLRQFDOFXODWLRQVIURPZHOOORJV
DQGPD\LQGLFDWHORZUHVLVWLYLW\SD\%DWHVHWDO7KLVLQWHUYDORIWKH:LOOLDPV
)RUN)RUPDWLRQKDVJHQHUDOO\EHHQFRQVLGHUHGSDUWRIWKHWUDQVLWLRQ]RQHJDV
VDWXUDWHGDQGQRWKLVWRULFDOO\FRPSOHWHGGXHWRKLJKHUFDOFXODWHGZDWHUVDWXUDWLRQV
0DUF&RQQROO\SHUVRQDOFRPPXQLFDWLRQV7KHWUDQVLWLRQ]RQHFRXOGEHDQ
LQWHUYDOZLWKE\SDVVHGSD\LQERWKH[LVWLQJDQGQHZZHOOVLISHWURSK\VLFDODQGZDWHU
VDWXUDWLRQPRGHOVZHUHQRWSURSHUO\FDOLEUDWHGIRUORZUHVLVWLYLW\PLQHUDOVVXFKDV
FKORULWH
$OWKRXJKWKHDUFKLWHFWXUDOHOHPHQWVKDYHGLIIHUHQWGHSRVLWLRQDOFRQWUROVWKH\DUH
IRXQGLQWKHVDPHVWUDWLJUDSKLFLQWHUYDODQGZHUHVXEMHFWHGWRWKHVDPHSRVW
GHSRVLWLRQDOHQYLURQPHQWLQWHUPVRISUHVVXUHVDQGGLDJHQHWLFIOXLGV$VSUHYLRXVO\

VWDWHGWKHUHZDVQRVLJQLILFDQWYDULDWLRQRIFKORULWHGLVWULEXWLRQEHWZHHQFKDQQHOILOODQG
FUHYDVVHVSOD\DUFKLWHFWXUDOHOHPHQWV7KHODFNRIYDULDWLRQLQGLVWULEXWLRQLQGLFDWHVWKDW
WKHFKORULWHLVDXWKLJHQLFLQQDWXUHDVKDVEHHQSUHYLRXVO\VXJJHVWHG3LWPDQHWDO
&URVVH\HWDO
&21&/86,216
 (LJKWOLWKRIDFLHVDUHLGHQWLILHGLQWKHPLGGOHDQGXSSHU:LOOLDPV)RUN)RUPDWLRQV
IURPWKHFRUHRIWKH&DVFDGH&UHHNZHOOFRQWRUWHGPXGVWRQH)&
ODPLQDWHGPXGVWRQH)/FRQWRUWHGVDQGVWRQH6&SODQDUODPLQDWHGVDQGVWRQH
6/ULSSOHODPLQDWHGVDQGVWRQH65ZDY\ODPLQDWHGVDQGVWRQH6:/VWUXFWXUHOHVV
VDQGVWRQH66DQGFRDO&([DPLQDWLRQRIWKHFRUHLQGLFDWHVWKDWHDFKOLWKRIDFLHV
KDVGLVWLQFWJUDLQVL]HVHGLPHQWDU\VWUXFWXUHVDQGFRQWDFWVW\OHV
 )RXUDUFKLWHFWXUDOHOHPHQWVDUHLGHQWLILHGLQWKHFRUHHDFKH[KLELWLQJGLVWLQFW
DVVHPEODJHVRIOLWKRIDFLHVFKDQQHOILOOFUHYDVVHVSOD\IORRGSODLQDQGFRDO(DFKRI
WKHDUFKLWHFWXUDOHOHPHQWVLQGLFDWHVDGLIIHUHQWHQYLURQPHQWRIGHSRVLWLRQ
 1HWWRJURVVUDWLRVYDU\VWUDWLJUDSKLFDOO\IURPWR7KHUHLVDKLJKHUDYHUDJH
UDWLRLQWKHPLGGOH:LOOLDPV)RUN)RUPDWLRQWKDQLQWKHXSSHU:LOOLDPV)RUN
)RUPDWLRQ7KHSURSRUWLRQVRIFUHYDVVHVSOD\VDQGFKDQQHOILOOV
YDU\VWUDWLJUDSKLFDOO\DQGWKHUDWLRRIFKDQQHOILOOVWRFUHYDVVHVSOD\V&)&6
LVPXFKORZHULQWKHPLGGOH:LOOLDPV)RUN)RUPDWLRQWKDQLQWKHXSSHU
:LOOLDPV)RUN)RUPDWLRQ7KHFRQWUROIRUWKHYDULDWLRQVLQERWKQHWWRJURVV
DQG&)&6UDWLRLVLQWHUSUHWHGWREHDFKDQJHLQGHSRVLWLRQDOVW\OH
 7KHRFFXUUHQFHDQGGLVWULEXWLRQRIFKORULWHDQGSRWDVVLXPIHOGVSDUFDQEHHVWLPDWHG
IURPOLPLWHGFRUHDQGZHOOORJGDWD:KLOHWKHDYHUDJHSURSRUWLRQVRIFKORULWHDQG

SRWDVVLXPIHOGVSDUVDUHERWKZLWK3YDOXHVRIDQGLQWHUYDOVRI
KLJKHUFRQFHQWUDWLRQVLQWKHPLGGOH:LOOLDPV)RUN)RUPDWLRQH[LVWGLUHFWO\DERYH
FRPSOHWHGLQWHUYDOV6DWXUDWLRQPRGHOVLQWKHVHLQWHUYDOVQHHGWRDFFRXQWIRUWKH
RFFXUUHQFHRIFKORULWHLQRUGHUWRFRUUHFWIRUDGYHUVHHIIHFWVRQFDOFXODWHGZDWHU
VDWXUDWLRQVVXFKDVDUWLILFLDOO\KLJKFDOFXODWLRQVRIZDWHUVDWXUDWLRQDQGDUWLILFLDOO\ORZ
FDOFXODWLRQVRIJDVVDWXUDWLRQ
 &KORULWHGRHVQRWYDU\VLJQLILFDQWO\EHWZHHQUHVHUYRLUDUFKLWHFWXUDOHOHPHQWV
VSHFLILFDOO\FKDQQHOILOOVDQGFUHYDVVHVSOD\V
 7KHRFFXUUHQFHRIDOPRVWRIWKHSRWDVVLXPIHOGVSDULQPXGVWRQHVLQGLFDWHVD
QHHGWRUHHYDOXDWHWKHXVHRIJDPPDUD\ORJVIRUOLWKRORJ\FDOFXODWLRQVHVSHFLDOO\
LQLQWHUYDOVZKHUHWKHSRWDVVLXPIHOGVSDURFFXUVDVVDQGVL]HGJUDLQVLQVWHDGRIFOD\
SDUWLFOHV'RLQJVRZLOOUHVXOWLQPRUHDFFXUDWHVKDOHDQGVDQGYROXPHFDOFXODWLRQV
 7KHRYHUDOOERWWRPXSLQFUHDVHLQIRUPDWLRQZDWHUUHVLVWLYLW\5ZVXJJHVWVDQRYHUDOO
GHFUHDVHLQIRUPDWLRQVDOLQLW\LQGLFDWLYHRIDODQGZDUGVKLIWLQWKHGHSRVLWLRQDO
HQYLURQPHQWZKHUHWKHIRUPDWLRQZDWHUUHVLVWLYLW\LVOHVVLQIOXHQFHGE\VDOWZDWHUDQG
PRUHLQIOXHQFHGE\IUHVKZDWHU
 7KHUHVXOWVRIWKLVVWXG\GHPRQVWUDWHWKDWSHWURSK\VLFDODQDO\VLVRIDUHVHUYRLU
VKRXOGIRFXVRQIDFWRUVWKDWFRXOGDUWLILFLDOO\LQIOXHQFHVDWXUDWLRQPRGHOV

 

5()(5(1&(6
$VTXLWK*DQG'.U\JRZVNL%DVLF:HOO/RJ$QDO\VLV$$3*0HWKRGVLQ
([SORUDWLRQS
%DWHV7*-:+DQNOD7(9R\WRYLFKDQG*+DOO,GHQWLI\LQJORZUHVLVWLYLW\
SD\LQWKH&RWWRQ9DOOH\VDQGXVLQJDSXOVHQHXWURQWRRO$QQXDO0HHWLQJ
([SDQGHG$EVWUDFWV$PHULFDQ$VVRFLDWLRQRI3HWUROHXP*HRORJLVWVYS
%D\WRN67KUHHGLPHQVLRQDOVHLVPLFLQWHUSUHWDWLRQDQGGLVFUHWHIUDFWXUH
QHWZRUNPRGHOLQJRIWKH:LOOLDPV)RUN)RUPDWLRQFHQWUDO0DPP&UHHN)LHOG
3LFHDQFH%DVLQ&RORUDGR0DVWHU¶V7KHVLV8QLYHUVLW\RI&RORUDGR%RXOGHU&2
S
%ODNH\5&3DOHRJHRJUDSKLFDQG3DOHRWHFWRQLF0DSV8VH&RQVWUXFWLRQ
,QWHUSUHWDWLRQDQG([DPSOH50$*6KRUW&RXUVH&'-DQXDU\
%RZHQ'*)RUPDWLRQ(YDOXDWLRQDQG3HWURSK\VLFV&RUH/DEV0DQXDOS
%XUJHU%-$QHZODWH3DOHRFHQHYHUWHEUDWHIDXQDIURPWKH2KLR&UHHN
)RUPDWLRQRI:HVWHUQ&RORUDGR7KH0RXQWDLQ*HRORJLVWYS
&DQWZHOO-3HUVRQDOFRPPXQLFDWLRQV
&DUUROO&-(5REHFN*+XQWDQG:.RRQW]6WUXFWXUDOLPSOLFDWLRQVRI
XQGHUJURXQGFRDOPLQLQJLQWKH0HVDYHUGH*URXSLQWKH6RPHUVHWFRDOILHOG
'HOWDDQG*XQQLVRQFRXQWLHV&RORUDGRILHOGWULSVLQWKHVRXWKHUQ5RFN\
0RXQWDLQV86$*6$)LHOG*XLGHS
&OXII50DQG$3%\UQHV5HODWLYHSHUPHDELOLW\LQWLJKWJDVVDQGVWRQH
UHVHUYRLUV±WKH³SHUPHDELOLW\MDLO´PRGHO63:/$VW$QQXDO/RJJLQJ
6\PSRVLXP-XQHS
&ROH5DQG6&XPHOOD6WUDWLJUDSKLFDUFKLWHFWXUHDQGUHVHUYRLUFKDUDFWHULVWLFV
RIWKH0HVDYHUGH*URXSVRXWKHUQ3LFHDQFH%DVLQ&RORUDGRLQ.03HWHUVRQ
702OVHQDQG'6$QGHUVRQHGV3LFHDQFH%DVLQJXLGHERRN5RFN\
0RXQWDLQ$VVRFLDWLRQRI*HRORJLVWVS
&ROH5'DQG63&XPHOOD6DQG%RG\$UFKLWHFWXUHLQWKH/RZHU:LOOLDPV)RUN
)RUPDWLRQ8SSHU&UHWDFHRXV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A) Generalized map of the Cretaceous Epeiric Seaway, Sevier orogenic belt, and
Piceance Basin during the late Cretaceous. Modified from Johnson (1989) B) Generalized 
structural map of the Laramide tectonic elements in the eastern Utah and western Colorado.
Modified from Grose (1972) and Patterson et al. (2003). Black box denotes study area.
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